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Human sleep schedules vary widely across countries. We investigated whether these
variations were related to differences in social factors, Morningness–Eveningness (ME)
preference, or the natural light–dark cycle by contrasting the sleep duration and timing of
young adults (age: 18–35 years) on work and free days in Singapore (n=1898) and the UK
(n=837). On work days, people in Singapore had later bedtimes, but wake times were
similar to the UK sample, resulting in shorter sleep duration. In contrast, sleep duration on
free days did not differ between the two countries. Shorter sleep on work days, without
compensatory extra long sleep hours on free days, suggest greater demands from work
and study in Singapore.While the two samples differed slightly in ME preference, the asso-
ciations between eveningness preference and greater extension in sleep duration as well
as delays in sleep timing on free days were similar in the two countries. Thus, differences
in ME preference did not account for the differences in sleep schedules between the two
countries. The greater variability in the photoperiod in the UK was not associated with
more prominent seasonal changes in sleep patterns compared to Singapore. Furthermore,
in the UK, daylight saving time did not alter sleep schedules relative to clock time. Collec-
tively, these findings suggest that differences in social demands, primarily from work or
study, could account for the observed differences in sleep schedules between countries,
and that in industrialized societies, social zeitgebers, which typically involve exposure to
artificial light, are major determinants of sleep schedules.
Keywords: work days, free days, sleep timing, sleep duration, social factors, Morningness–Eveningness preference,
natural light
INTRODUCTION
Epidemiological data have revealed considerable differences
among countries in sleep duration and timing [e.g., Ref. (1)].
Compared to Western countries, people in Asia sleep less (2–6).
A recent study showed that men and women in Japan, Korea, and
Taiwan slept for less than 7 h on average, while all the 20 West-
ern countries studied had an average of 7.08–8.04 h of sleep each
night (3). In addition, people in Asia go to bed and wake up at
later clock times than the Western nations (2). However, whether
differences in sleep duration and timing are mostly contributed
by social factors, Morningness–Eveningness (ME) preference, or
natural light–dark cycle across countries remains to be formally
studied.
The influence of social factors on sleep duration and timing is
evident from comparing sleep schedules on work and free days.
On work days, most people rise before their endogenous timing
mechanism triggers spontaneous awakening. This is supported by
the reliance on an alarm clock between 06:30 and 08:00 in 55%
of respondents in a large-scaled survey (7). At night, availabil-
ity of artificial light allows people to continue waking activities,
such as watching TV (8), thereby delaying bedtime. Furthermore,
artificial light in the evening has been shown to affect melatonin
secretion and delay the biological clock and sleep (9, 10). As a
result, sleep opportunity is reduced on work days. In contrast, on
free days, with reduced demand from work and school and more
social activities, individuals can sleep more in phase with their
biological clock and until their sleep need is satisfied, resulting
in a delay in sleep timing and an extension in sleep duration rel-
ative to work days (11, 12). Delays in bedtime, wake time, and
mid-sleep time (the mid-point between sleep onset and offset),
as well as increase in sleep duration on free days relative to work
days have been observed in multiple countries (12–19). However,
social demands vary across countries. Work hours in Asian coun-
tries, such as Japan, were longer than in Western countries on both
weekdays and weekends (20). This perhaps can account for the
shorter sleep duration in Asia.
Morningness–Eveningness preference is also associated with
sleep duration and timing. Individuals can be categorized into
morning, neither, or evening types based on their self-reports of
preferred timing of various activities. Evening-type persons have
later bedtime, wake time, and peak in mental and physical perfor-
mance during the day (21). ME preference does not affect sleep
duration averaged across the work week (21). However, greater
eveningness preference is associated with shorter sleep on work
days (22) but longer sleep on free days (22, 23). Thus, evening-
type individuals accumulate greater sleep debt during work days
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that is compensated by lengthening their sleep on free days (22–
25). ME preference may be associated with latitude (26), resulting
in different sleep patterns across countries.
Countries at different latitudes also differ in the variability in
the duration of scotopic period (the period between dusk/sunset
and dawn/sunrise) and the timing of the natural light–dark cycle
throughout the year. Light is a salient zeitgeber for entraining
the non-24-h human circadian clock to the external environment
(27). However, in Norway where scotopic period ranges between
0 and 24 h depending on time of year, wake time is only about
30 min later in winter than in summer (28), and seasonal changes
in bedtime and sleep duration are minimal (28, 29). In regions
near the equator where dusk and dawn times vary minimally
over the year, sleep duration, and timing correspondingly stay
relatively unchanged (28). Thus, latitude and the associated sea-
sonal changes in natural light–dark cycle appear to have minimal
influence on sleep (30).
Latitude can also influence sleep through the implementation
of daylight saving time in some countries that are far away from
the equator. To accommodate the seasonal changes in the natural
light–dark cycle, these countries switch to daylight saving time in
summer when clock time is shifted 1 h forward, whereas in winter,
the clock is shifted back by 1 h to standard time. While the onset
of daylight saving time does not affect sleep timing, at its offset, a
delay in sleep timing has been reported (31). Thus, geographical
differences in sleep patterns may also arise from these 1 h time
changes in some countries.
Here, we first compared sleep duration and timing between
two convenience samples of young adults, one from an Asian
country located at the equator (1.3°N; Singapore) and the other
from a Western country located at a high latitude (51.5°N; the
UK). Secondly, we investigated whether these differences could be
attributed to differences in social factors by comparing sleep on
work and free days between the two countries. Thirdly, we exam-
ined whether ME preference could account for any differences in
sleep between Singapore and the UK by testing whether the two
countries differed in ME preference, and whether ME preference
affected sleep duration and timing across the work week differ-
entially in the two countries. Fourthly, we compared the duration
of the scotopic period and the timing of the natural light–dark
cycle between Singapore and the UK, and determined whether
the natural light–dark cycle influenced sleep schedules. Fifthly, we
investigated whether sleep patterns varied between daylight saving
time and standard time in the UK (Singapore does not have day-
light saving time). Finally, we compared the effect sizes of country,
type of day, ME preference, and natural light–dark cycles on sleep
duration and timing.
MATERIALS AND METHODS
PARTICIPANTS
Convenience samples of young adults were acquired from
Singapore and the UK. The Singapore sample consisted of
1898 volunteers (905 males) with an age range of 18–35 years
(mean± SD: 21.76± 2.41 years). The UK sample consisted of
837 volunteers (467 males) of the same age range (mean± SD:
25.03± 4.07 years). The samples significantly differed in age
(t = 21.62, p< 0.001) and gender distribution (χ2= 15.29,
p< 0.001); hence, age and gender were included as covariates
in those analyses testing the statistical significance of the coun-
try effect (refer to statistical analyses for further details). The
majority (98.5%) of the participants in the Singapore sample were
East Asians, while the UK sample consisted mainly of Europeans
(Table S1 in Supplementary Materials).
PROCEDURES AND MATERIALS
Participants in Singapore completed an online questionnaire
on the Cognitive Neuroscience Laboratory website as part of
the recruitment procedures for various sleep deprivation studies
between December 2009 and December 2012. These studies were
approved by the National University of Singapore Institutional
Review Board. Participants were recruited through advertisements
placed on the university intranet and posters on campus. Partici-
pants reported their sleep-wake timing and sleep duration on both
weekdays and weekends. 99.5% of the participants were either
studying or employed, allowing us to assume the timing and dura-
tion of sleep on weekdays and weekends to be equivalent to those
typical of work and free days. To assess ME preference, participants
completed the reduced Morningness-Eveningness Questionnaire
[rMEQ; Ref. (32)], which consisted of five of the 19 items in the
original version (21): (1) “Considering only your own ‘feeling best’
rhythm, at what time would you get up if you were entirely free
to plan your day?” (2) “During the first half an hour after hav-
ing woken in the morning, how tired do you feel?” (3) “At what
time in the evening do you feel tired and as a result in need
of sleep?” (4) “At what time of the day do you think that you
reach your “feeling best” peak?” and (5) “One hears about ‘morn-
ing’ and ‘evening’ types of people. Which one of these types do
you consider yourself to be?” To examine the reliability of the
rMEQ, all of the participants in the Singapore sample with a valid
email address were contacted in January 2013 for a more detailed
assessment of their ME preference. Of these, 101 participants (41
males; mean age± SD= 22.08± 2.41 years) completed the orig-
inal MEQ. The correlation between rMEQ and MEQ scores was
0.84 (p< 0.001) – similar to that found in a previous study (33).
Participants in the UK were recruited for various sleep studies
through email and posters on the University of Surrey campus, and
advertisements on newspapers and radio. These studies received a
favorable opinion from the University of Surrey Ethics Committee.
During an extended screening session, participants reported their
sleep timing and duration on both work and free days [see Ref. (19)
for detailed procedures]. In addition to the participants screened
between November 2008 and March 2010 as reported in Lazar
et al. (19), the current sample included another 173 participants
who were screened for other protocols between October 2004 and
February 2008. All the participants completed all 19 items of the
MEQ. We also calculated their rMEQ score, which highly corre-
lated with their MEQ score (r = 0.90, p< 0.001) – again similar to
a previous report (33).
For both samples, we used rMEQ score as a continuous
measure of ME preference where higher scores indicate greater
morningness preference.
Recruitment of participants in both countries occurred
throughout the year (Table S2 in Supplementary Materials). For
each participant, we calculated the duration of scotopic period
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(i.e., time elapsed between dusk and dawn), dusk time, dawn time,
and mid-scotopic time (time of the mid-point of scotopic period)
averaged across 30 days before they filled in the questionnaires.
Data for both Singapore and the UK (London) were obtained
from http://www.timeanddate.com.
STATISTICAL ANALYSES
All statistical analyses were performed with SPSS 20.0 (IBM,
Chicago, USA). To determine whether sleep duration, bedtime,
wake time, and mid-sleep time differed between the two coun-
tries and varied across work and free days, we included country
and type of day, as well as their interaction, into a general linear
mixed model. Type of day was included as a repeated effect with a
compound symmetry variance–covariance matrix being specified.
To investigate whether sleep duration and timing were influenced
by ME preference and whether this association differed between
work and free days as well as countries, this factor and its two-
and three-way interactions with type of day and country were also
included into the statistical model. To test the contribution of the
natural light–dark cycle on sleep, we added the duration of sco-
topic period, dusk time, dawn time, and mid-scotopic time into
the model for sleep duration, bedtime, wake time, and mid-sleep
time, respectively. Since the two samples differed in age and gen-
der distribution, these two demographic variables were added as
covariates. The subject effect was included as a random factor.
To compare the relative contribution of these factors to sleep
schedules, for each term, we calculated Cohen’s f 2 as a measure of
effect size (34, 35):
f 2 = (u/v)× F
where u and v are respectively the numerator and denominator
degrees of freedom of the F statistic used to determine the cor-
responding main or interaction effect in the general linear mixed
model analysis. The cutoffs for small, medium, and large effect
sizes are 0.02, 0.15, and 0.35, respectively. These cutoffs are dif-
ferent from those for Cohen’s d (0.20, 0.50, and 0.80 for small,
medium, and large effects, respectively).
One of the items in the rMEQ was about preferred time to get
up on free days, and thus, rMEQ (an independent variable) and
self-report wake time (a dependent variable) may be measuring
the same construct, resulting in a significant association. In view
of this, we also conducted a second set of mixed model analy-
ses without including this particular item in the computation of
rMEQ score to determine the robustness of the contribution of
ME preference to sleep.
For post hoc analyses, to examine significant country× type of
day interactions, we contrasted the estimated marginal mean of
the dependent variable on work and free days separately for Singa-
pore and the UK. We also contrasted the estimated marginal mean
of the dependent variable of the two countries separately on work
and free days. These estimated marginal means were derived from
the general linear mixed models, and thus, were already adjusted
for age and gender. In addition, we used ANCOVA to test whether
the change in sleep duration and timing from work to free days
differed significantly between the two countries after controlling
for the effects of age and gender.
To illustrate the significant type of day×ME preference inter-
actions, we performed linear regression analyses where the depen-
dent variable was regressed onto rMEQ score separately for work
and free days. With the derived slope and intercept, we deter-
mined the values of the dependent variable when rMEQ score
was minimum (i.e., 4 for the five-item rMEQ and 3 for the four-
item version) and maximum (i.e., 25 and 20, respectively) to plot
the regression lines. Furthermore, to determine the unique con-
tribution of ME preference to the changes in sleep duration and
timing from work to free days after controlling for the effects of
age and gender, we used multiple regression analyses to derive the
unstandardized regression coefficient (B) of rMEQ score.
We used a Chi-squared test to test whether the distribution of
ME preference differed between Singapore and the UK. Note that
in contrast to earlier findings (36), we did not observe any gen-
der difference in ME preference (χ2= 2.37, p= 0.67). Hence, the
differences in gender distribution between the two samples could
not account for their differences in ME preference.
We used an independent-samples t -test to determine whether
the two countries differed in their average ME preference. We also
used independent-samples t -tests to examine whether the two
countries differed in the natural light–dark cycle variables (dura-
tion of scotopic period, dusk time, dawn time, and mid-scotopic
time) separately during daylight saving time and during standard
time in the UK. The natural light–dark cycle data in 2012 were
used for these analyses. Finally, we used independent-samples t -
tests to determine whether sleep patterns were different at daylight
saving time and at standard time in the UK.
RESULTS
SLEEP SCHEDULES DIFFERED ACROSS COUNTRIES
Sleep duration averaged across work and free days was
0.51 h shorter in Singapore than in the UK (8.05± 0.02 h vs.
8.56± 0.04 h; main effect of country: F = 22.79, p< 0.001).
This was due to a later bedtime in Singapore (00:39± 00:01
vs. 23:59± 00:02; F = 32.02, p< 0.001). The two countries did
not differ in wake time (Singapore: 08:42± 00:01 vs. UK:
08:33± 00:02; F = 0.66, p= 0.42). As a result, average mid-sleep
time was later in Singapore (04:41± 00:01 vs. 04:15± 00:02;
F = 14.97, p< 0.001).
TYPE OF DAY MODERATED COUNTRY DIFFERENCES IN SLEEP
SCHEDULES
Sleep duration was longer on free than on work days (8.71± 0.02 h
vs. 7.91± 0.02 h; main effect of type of day: F = 326.18,p< 0.001).
However, sleep extension from work to free days differed between
the two countries. In Singapore, the majority of the participants
reported sleeping 7–8 h on work days and 8–9 h on free days
(Figure 1A). In contrast, in the UK, most individuals slept for
8–9 h on both work and free days (Figure 1A). This was con-
firmed by the significant country× type of day interaction on
sleep duration (F = 28.55, p< 0.001), which revealed that indi-
viduals in Singapore slept less than their counterparts in the UK
on work days. On free days, no such difference was found (Table 1).
In other words, people in Singapore extended their sleep more on
free days (main effect of country in ANCOVA: 1.29± 0.03 h vs.
0.32± 0.05 h; F = 259.39, p< 0.001).
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FIGURE 1 | Distributions of sleep duration and timing on work and free days in Singapore and the UK. (A) Sleep duration, (B) bedtime, (C) wake time,
and (D) mid-sleep time for Singapore and the UK are shown in black and white bars, respectively. Data on work and free days are respectively plotted in the
upper and the lower panels.
Table 1 | Mean and standard error of sleep duration and timing on work and free days in Singapore and the UK.
Singapore UK
Work day Free day p Work day Free day p
Sleep duration (h) 7.41 (0.03)a 8.70 (0.03) <0.001 8.40 (0.04)a 8.72 (0.04) <0.001
Bedtime (local clock time) 00:23 (0:02)a 00:55 (0:02)b <0.001 23:31 (0:02)a 00:28 (0:02)b <0.001
Wake time (local clock time) 07:47 (0:02) 09:36 (0:02)b <0.001 07:56 (0:03) 09:11 (0:03)b <0.001
Mid-sleep time (local clock time) 04:05 (0:02)a 05:16 (0:02)b <0.001 03:42 (0:03)a 04:49 (0:03)b <0.001
aDenotes contrast between Singapore and the UK on work days, where p<0.001.
bDenotes contrast between Singapore and the UK on free days, where p<0.001.
Listed values are estimated means and standard errors (in parentheses) from general linear mixed model.
This was due to a smaller delay in bedtime (main effect of
country in ANCOVA: 0.54± 0.02 h vs. 0.93± 0.04 h; F = 72.34,
p< 0.001) and a greater delay in wake time on free days in
Singapore (ANCOVA: 1.82± 0.03 vs. 1.25± 0.05 h; F = 82.15,
p< 0.001) evidenced by the significant country× type of day
interaction on bedtime and wake time (F = 5.36, p= 0.02 and
F = 11.56, p< 0.001). These significant interactions also demon-
strated that bedtime was significantly later in Singapore than in the
UK on work days, but less so on free days (Table 1). In fact, on free
days, the distributions of bedtime of the two countries both peaked
at 00:00–01:00, while on work days, the peak shifted to 23:00–00:00
for the UK but not for Singapore (Figure 1B). Moreover, while
people in the two countries woke up at similar times on work
days, wake time on free days was significantly later in Singapore
(Table 1). This can also be revealed by the similar distributions
of wake time of the two countries on work days, which peaked at
08:00. In contrast, on free days, wake time peaked at 09:00–10:00
in Singapore but at 08:00–09:00 in the UK (Figure 1C).
Mid-sleep time was later on free days in both countries (main
effect of type of day: F = 683.53, p< 0.001). The country× type of
day interaction was not significant (F = 1.18, p= 0.28), indicating
that the delay in mid-sleep time on free days relative to work days
was similar in both countries (main effect of country in ANCOVA:
1.18± 0.02 h vs. 1.09± 0.04 h; F = 3.59, p= 0.06). In Singapore,
mid-sleep time peaked at 04:00 on work days and shifted to 04:00–
05:00 on free days, and in the UK, the peak of mid-sleep time was
delayed from 03:00–04:00 on work days to 04:00–05:00 on free
days (Figure 1D).
THE EFFECT OF MORNINGNESS–EVENINGNESS PREFERENCE VARIED
WITH TYPE OF DAY BUT DID NOT DIFFER BETWEEN COUNTRIES
The distribution of ME preference was normal in Singapore, but
shifted slightly to the right, toward more morning preference,
in the UK (χ2= 67.81, p< 0.001; Figure 2). However, in both
countries, the majority of the participants belonged to the neither
type. Also, in both countries, there were more extreme evening-
type than extreme morning-type individuals probably because of
the age of our young adult samples. The two samples differed
significantly in their rMEQ score but only by 0.93 points (maxi-
mum= 25; Singapore: 13.36± 3.56 vs. UK: 14.29± 3.21, t = 6.71,
p< 0.001), and the size of the country effect was small (Cohen’s
d = 0.26). We also found a small but significant difference in ME
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FIGURE 2 | Distributions of ME preference in Singapore and the UK. The
distributions of the total scores in the reduced Morningness–Eveningness
Questionnaire (rMEQ) in Singapore and the UK are indicated, respectively,
by the black and the white bars. Background is shaded based on the cutoff
scores for the extreme, the moderate, and the neither types.
preference between Singapore and the UK when we used only four
items of the rMEQ (maximum= 20; Singapore: 10.77± 3.06 vs.
UK: 11.48± 2.74, t = 6.03, p< 0.001, Cohen’s d = 0.24; Figure S1
in Supplementary Materials).
As expected, ME preference was associated with bedtime (main
effect: F = 772.19, p< 0.001), wake time (F = 866.45, p< 0.001),
and mid-sleep time (F = 1093.91, p< 0.001). In contrast, ME
preference was not significantly associated with sleep duration
(F = 3.58, p= 0.059).
However, when type of day was taken into account, we found
significant associations of ME preference and sleep duration.
Specifically, eveningness preference was associated with shorter
sleep duration on work days but longer sleep duration and free days
(type of day×ME preference: F = 136.41, p< 0.001). This implies
that with increasing eveningness preference (decreasing rMEQ
score), sleep was extended to a greater extent on free days relative to
work days (B of rMEQ score=−0.10, p< 0.001 after controlling
for the effects of age and gender). Although on work days, the dif-
ference in sleep duration between morning-type and evening-type
individuals appeared to be smaller in the UK (Figure 3A), neither
the country× type of day×ME preference interaction nor the
country×ME preference interaction was statistically significant
(F = 1.25 and 3.47, p= 0.26 and 0.06). Thus, ME preference mod-
erated sleep duration on work and free days, as well as its change
across a work week, similarly in the two countries.
Sleep extension on free days increased with eveningness pref-
erence because for morning-type individuals, bedtime, and wake
time were similar on work and free days, whereas for evening-
type individuals, the delay in wake time on free days was greater
than that for bedtime (type of day×ME preference on bed-
time: F = 37.13, p< 0.001; wake time: F = 259.85, p< 0.001;
Figures 3B,C). The association between greater eveningness pref-
erence and greater delays in bedtime and wake time on free days
was supported by regression analyses (B of rMEQ score=−0.04
and −0.14, p< 0.001 after controlling for age and gender). Simi-
lar patterns were found for Singapore and the UK (country× type
of day×ME preference on bedtime and wake time: F = 0.00 and
1.21, p= 0.96 and 0.27; country×ME preference on bedtime and
wake time: F = 3.47 and 0.00, p= 0.06 and 0.99; Figures 3B,C).
Because of the greater delay in bedtime and wake time among
evening-type individuals, there was a greater delay in mid-sleep
time on free days with increasing eveningness preference (type
of day×ME preference: F = 192.65, p< 0.001). This association
was also revealed by a regression analysis, which showed a signifi-
cant contribution of rMEQ score to the change in mid-sleep time
from work to free days after controlling for the effects of age and
gender (B=−0.09, p< 0.001). The extent of delay in mid-sleep
time on free days was similar for people in Singapore and the
UK (country× type of day×ME preference: F = 0.60, p= 0.44;
country×ME preference: F = 1.07, p= 0.30; Figure 3D).
Since one of the five questions in the rMEQ assessed pre-
ferred time to get up on free days, rMEQ would be expected to
account for a considerable proportion of variance of self-report
wake time and perhaps other sleep variables. To minimize the
overlap of the rMEQ and the self-report sleep constructs, we re-
ran the mixed model analyses but excluded this particular item
from the computation of the rMEQ score. Results using the four-
item and the five-item rMEQ were similar (Table 2 and Figure S2
in Supplementary Materials).
NATURAL LIGHT–DARK CYCLE DID NOT AFFECT SLEEP DURATION OR
TIMING
Since Singapore is closer to the equator than the UK, the natural
light–dark cycle varies less across a year (left panel of Figure 4).
Compared to Singapore, scotopic period is about 2.8 h longer in
the UK during standard time because of the earlier dusk time
and later dawn time (t = 6.21–36.42, p< 0.001; Table S3 in Sup-
plementary Materials). In contrast, during daylight saving time,
scotopic period is about 2.2 h shorter in the UK due to the later
dusk time and earlier dawn time (t = 13.73–18.99, p< 0.001;
Table S3 in Supplementary Materials). Compared to Singapore,
mid-scotopic time in the UK is earlier by 1 h during standard time
but by only 5 min during daylight saving time (t = 43.19 and 6.84,
p< 0.001; Table S3 in Supplementary Materials).
Despite the differences between the two countries in the timing
of the natural light–dark cycle, this had minimal effects on sleep.
Firstly, variability in sleep duration and timing across a year in the
two countries did not parallel the changes in the natural light–
dark cycle (Figure 4). We did not observe greater variability in
sleep schedules in the UK than in Singapore throughout the year
(middle and right panels of Figure 4). In the UK, sleep duration,
bedtime, wake time, and mid-sleep time were similar across day-
light saving time in summer and standard time in winter, except
for sleep timing on free days, which was about 10 min earlier dur-
ing daylight saving time (t = 2.00–2.40, p< 0.05; Table 3). These
effects of daylight saving were small (all Cohen’s d < 0.17, Table 3)
and in fact, opposite to the direction predicted if the timing of
the natural light–dark cycle were to affect sleep times. Specifically,
when local clock time is shifted forward by 1 h during daylight
saving time, if sleep timing is tightly coupled with the timing of
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FIGURE 3 | Effects of ME preference on sleep on work days and free days
in Singapore and the UK. Regression lines for the effects of the reduced
Morningness–Eveningness Questionnaire (rMEQ) score on (A) sleep
duration, (B) bedtime, (C) wake time, and (D) mid-sleep time on work days
(dashed lines) and free days (solid lines) for Singapore and the UK are plotted,
respectively, in the left and the right panels.
the natural light–dark cycle, bedtime, wake time, and mid-sleep
time should all be delayed by 1 h (in local clock time). Instead, the
slightly earlier sleep timings during daylight saving time suggest
that sleep schedules of individuals in the UK are more coupled
with timing of the clock rather than that of the sun. In addition,
there was no abrupt change in either the duration or the timing
of sleep (expressed as local clock time) at the onset and offset of
daylight saving time in the UK (right panel of Figure 4).
Secondly, there was no significant effect of the duration of
scotopic period, dusk time, dawn time, or mid-scotopic time
on respectively sleep duration (F = 0.14, p= 0.71), bedtime
(F = 1.06, p= 0.30), wake time (F = 0.05, p= 0.82), or mid-sleep
time (F = 1.85, p= 0.17). Pearson correlations between the nat-
ural light–dark cycle and the sleep variables on work and free
days in the two countries were not significant, except for the
associations on work days in Singapore between dusk time and
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Table 2 | Contribution of country, type of day, Morningness–Eveningness preference, and the natural light–dark cycle to sleep duration and
timing.
rMEQ (five items) rMEQ (four items)
F p f 2 F p f 2
SLEEP DURATION
Country 22.79 <0.001 0.01 20.32 <0.001 0.01
Type of day 326.18 <0.001 0.12 276.19 <0.001 0.10
ME preference 3.58 0.06 0.01 0.71 0.40 0.00
Duration of scotopic period 0.14 0.71 0.00 0.12 0.73 0.00
Country× type of day 28.55 <0.001 0.01 28.19 <0.001 0.01
Country×ME preference 3.47 0.06 0.00 2.10 0.15 0.00
Type of day×ME preference 136.41 <0.001 0.05 96.59 <0.001 0.04
Country× type of day×ME preference 1.25 0.26 0.00 0.59 0.44 0.00
Age 5.56 0.02 0.00 7.95 0.01 0.00
Gender 4.74 0.03 0.00 4.32 0.04 0.00
BEDTIME
Country 32.02 <0.001 0.01 34.08 <0.001 0.01
Type of day 195.11 <0.001 0.07 191.18 <0.001 0.07
ME preference 772.12 <0.001 0.28 690.59 <0.001 0.25
Dusk time 1.06 0.30 0.00 1.31 0.25 0.00
Country× type of day 5.36 0.02 0.00 6.02 0.01 0.00
Country×ME preference 3.47 0.06 0.00 3.49 0.06 0.00
Type of day×ME preference 37.13 0.00 0.01 29.83 0.00 0.01
Country× type of day×ME preference 0.00 0.96 0.00 0.00 1.00 0.00
Age 29.97 <0.001 0.01 40.75 <0.001 0.02
Gender 10.06 0.00 0.00 6.21 0.01 0.00
WAKETIME
Country 0.66 0.42 0.00 1.57 0.21 0.00
Type of day 806.87 <0.001 0.30 709.07 <0.001 0.26
ME preference 866.45 <0.001 0.32 597.72 <0.001 0.22
Dawn time 0.05 0.82 0.00 0.15 0.70 0.00
Country× type of day 11.56 0.00 0.00 10.59 0.00 0.00
Country×ME preference 0.00 1.00 0.00 0.19 0.67 0.00
Type of day×ME preference 259.85 <0.001 0.10 187.81 <0.001 0.07
Country× type of day×ME preference 1.21 0.27 0.00 0.52 0.47 0.00
Age 61.21 <0.001 0.02 78.69 <0.001 0.03
Gender 1.11 0.29 0.00 0.25 0.62 0.00
MID-SLEEPTIME
Country 14.97 <0.001 0.01 17.31 <0.001 0.01
Type of day 683.53 <0.001 0.25 620.22 <0.001 0.23
ME preference 1093.91 <0.001 0.40 840.90 <0.001 0.31
Mid-scotopic time 1.85 0.17 0.00 1.90 0.17 0.00
Country× type of day 1.18 0.28 0.00 0.88 0.35 0.00
Country×ME preference 1.07 0.30 0.00 1.59 0.21 0.00
Type of day×ME preference 192.65 <0.001 0.07 143.05 <0.001 0.05
Country× type of day×ME preference 0.60 0.44 0.00 0.25 0.62 0.00
Age 58.02 <0.001 0.02 75.42 <0.001 0.03
Gender 5.70 0.02 0.00 2.68 0.10 0.00
Significant effects are highlighted in bold. F and p values were derived from general linear mixed model analyses (refer to Methods for details). Effect sizes were
indicated by Cohen’s f 2. The original reduced Morningness–Eveningness Questionnaire (rMEQ) is comprised of 5 items, one of which probes the preferred time to
get up on free days. This item and thus, the rMEQ score (the independent variable) would overlap considerably with self-report wake time (dependent variable). We
conducted a second set of mixed model analyses, excluding this particular item in the computation of rMEQ score, to determine the robustness of the contribution
of Morningness–Eveningness (ME) preference to sleep.
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FIGURE 4 | Variation in the duration and timing of scotopic period and
sleep in Singapore and the UK across a year. Daily value of (A) the
duration of scotopic period, (B) dusk time, (C) dawn time, and
(D) mid-scotopic time in 2012 in Singapore (solid lines) and the UK (dashed
lines) are shown in the left panel. Shaded areas indicate the daylight saving
period in the UK. The monthly averages of (A) sleep duration, (B) bedtime,
(C) wake time, and (D) mid-sleep time on work days (open symbols) and free
days (filled symbols) for Singapore and the UK are plotted in the middle and
the right panels, respectively. Considering the possible effects of daylight
saving in the UK, we divided the daylight saving period in 2012 (25 March to
27 October) into seven roughly equal intervals and for each, derived the
average sleep duration and timing. Similarly, we computed the monthly
averages of the sleep variables for each of the five roughly equal intervals
during standard time.
Table 3 | Effects of daylight saving on sleep duration and timing in the
UK.
Daylight saving time Standard time t p d
SLEEP DURATION (H)
Work day 3.38±0.05 8.38±0.06 0.12 0.90 0.01
Free day 8.62±0.06 8.66±0.07 0.52 0.61 0.04
BEDTIME (LOCAL CLOCKTIME)
Work day 23:18±0:03 23:25±0:03 1.61 0.11 0.11
Free day 00:13±0:03 00:23±0:03 2.00 0.05 0.14
WAKETIME (LOCAL CLOCKTIME)
Work day 07:41±0:03 07:48±0:03 1.58 0.12 0.11
Free day 08:49±0:03 09:03±0:04 2.22 0.03 0.15
MID-SLEEPTIME (LOCAL CLOCKTIME)
Work day 03:30±0:02 03:37±0:03 1.85 0.07 0.13
Free day 04:32±0:03 04:43±0:03 2.40 0.02 0.17
t= t-value of independent-samples t-test.
d=Cohen’s d of the effects of daylight saving.
Significant effects are highlighted in bold.
bedtime (r =−0.13, p< 0.001), and between mid-scotopic period
and mid-sleep time (r =−0.08, p< 0.001; Table S4 in Supple-
mentary Materials). However, it is important to note that even
for these significant associations, the natural light–dark cycle only
accounted for a mere 1.6 and 0.7% of the variance of sleep duration
and timing, and that these statistically significant associations were
likely due to the large sample size.
SOCIAL INFLUENCES WERE STRONGER THAN THE EFFECTS OF THE
NATURAL LIGHT–DARK CYCLE ON SLEEP
Social influences, as revealed by the type of day effect, on sleep
were noticeable throughout the year not only in Singapore, but
also in the UK where variability in the natural light–dark cycle
is more prominent (Figure 4). The effect size of natural light–
dark cycle on all the sleep variables was negligible (all Cohen’s
f 2= 0.00; Table 2). In contrast, type of day had moderate effects
on wake time and mid-sleep time (Cohen’s f 2= 0.23 to 0.30), and
relatively smaller effects on bedtime and sleep duration (Cohen’s
f 2= 0.07 to 0.12).
Morningness–Eveningness preference had stronger associa-
tions with the timing of sleep, i.e., bedtime, wake time, and mid-
sleep time (Cohen’s f 2= 0.22 to 0.40) than with sleep duration
(Cohen’s f 2= 0.00). However, its relationship with sleep dura-
tion became apparent when type of day was taken into account
(Cohen’s f 2 of type of day×ME preference= 0.04–0.05). Results
were similar regardless of whether the item about preferred time
to get up on free days was removed from the computation of the
rMEQ score (Table 2).
Despite the considerable variation in sleep duration and timing
between the two countries, the size of the country effect was rather
small (Cohen’s f 2= 0.00 to 0.01).
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DISCUSSION
We surveyed sleep in over 2,700 young adults in Singapore and the
UK and found that sleep duration and timing differed between
these two countries. In both, participants slept later and for longer
on free days than on work days. However, changes in sleep tim-
ing and duration across the work week were dissimilar, reflecting
different social influences on sleep. In both countries, ME pref-
erence similarly modulated the change in sleep schedules from
work to free days. In contrast, we found limited effects of the nat-
ural light–dark cycle on sleep schedules. In particular, despite the
much greater fluctuation in the duration of scotopic period and
the timing of the natural light–dark cycle in the UK, we did not
observe corresponding greater changes in sleep schedules across
the year than in equatorial Singapore. Furthermore, daylight sav-
ing did not alter sleep schedules in the UK. These results remained
unchanged after controlling for between country differences in
ME preference, age, and gender.
DIFFERENCES IN SLEEP SCHEDULES ACROSS COUNTRIES MAY BE
ATTRIBUTED TO DIFFERING SOCIAL FACTORS
Our observation concerning shorter sleep duration in Singapore
than in the UK is in accordance with the shorter sleep duration in
Asian than in Western countries as previously reported (2–6).
Here, with more detailed analyses of sleep duration and timing
separately on work and free days, we showed that sleep duration
was longer on free than on work days in both Singapore and the
UK, consistent with findings from other countries (12–19). Never-
theless, sleep was extended more on free days relative to work days
in Singapore than in the UK. This is a result of the shorter sleep
duration in Singapore on work days. In contrast, sleep duration
on free days did not differ between the two countries. These find-
ings could on one hand, suggest that Singaporeans may have lower
sleep need and can better cope with sleep restriction during work
days without sleeping longer on free days. Alternatively, if sleep
need does not vary across countries, our findings could also indi-
cate that Singaporeans are chronically sleep-deprived. The second
interpretation is favored, since preliminary evidence suggests that
sleep need does not vary much across countries. For example, in a
recent study, self-reported sleep need ranged from 7.7 to 8.4 h in
15 countries in the Asia-Pacific, while sleep duration showed more
variability (from 6.3 to 7.5 h) (37).
We cannot rule out the possibility that young adults in Sin-
gapore napped more often than their counterparts in the UK in
order to compensate for their shorter sleep duration at night. How-
ever, there is no tradition of napping among adults in Singapore
and initial epidemiological evidence showed that countries where
residents reported short nocturnal sleep duration did not have a
greater proportion of regular nappers (1). Also, our results were
not likely a consequence of the differences in temperature between
the two countries because of the frequent use of air-conditioning
throughout the year in Singapore and heaters in winter in the UK.
Sleep duration on free days was 8.7 h in young people in both
countries. This was shorter than the maximal sleep capacity of this
age group. Specifically, a recent study (38) reported that young
adults with an average habitual sleep duration of 8.5 h could still
sleep for 12.2 and 10.6 h in the first two 24-h periods of 16-h
sleep opportunity. Thus, it was physiologically possible for our
two samples to sleep more than 8.7 h on free days. We speculate
that sleep duration on free days was far from reaching the maximal
sleep capacity because of work- and study-related activities even
on free days. For example, in an international time use survey,
people reported spending 1–2 h each day during weekends on job-
and study-related activities in Western countries, but about 3 h in
Japan and Korea (20). This difference could, in fact, explain why
sleep duration was not longer on free days in Singapore than in the
UK. Similarly, shorter sleep duration in Singapore on work days
could be due to longer work hours in Asia than in the West (20).
Sleep duration in both Singapore and the UK reported here
appears to be slightly longer than the estimates for the East and
the West from other surveys [e.g., Ref. (6)]. This is likely due to
the use of a wider age range, as well as the inclusion of older adults
and retirees in previous studies.
Other than sleep duration, the timing of sleep also differed
between the two countries. Even after correcting for the younger
age and greater eveningness preference of Singaporean partici-
pants, we continued to observe later bedtime and mid-sleep times
on both work and free days in this group. Later sleep timings in
Asia than in Western countries have been reported previously (2).
Such a sleep schedule becomes problematic on work days when
people in Singapore go to bed later but wake up at the same time
as their counterparts in the UK, resulting in shorter sleep dura-
tion. The later bedtimes on work days in Singapore could also be
due to greater demands from work and study. For example, classes
end typically by 18:00 in the UK, while in Singapore, some lec-
tures actually start at 18:00 and tutorials can end as late as 23:30,
delaying bedtime.
Our data replicate earlier findings for later bedtime, wake time,
and mid-sleep time on free days relative to work days (12–19).
To these findings, we add the observation that the delay in sleep
timing from work to free days differs between the two countries.
On free days, bedtime was delayed less and wake time delayed
more in Singapore than in the UK, thereby increasing the sleep
opportunity more for Singaporeans.
The prominent differences in sleep duration and timing on
work and free days, as well as their changes across the work week,
observed between Singapore and the UK clearly reveal that differ-
ences in social influences can account for the differences in sleep
schedules between the two countries.
Chronic sleep restriction has negative consequences on health
(3, 39) and cognitive performance (35, 40). Whether impaired
health and cognitive functions are more prevalent in countries
where the populace is chronically sleep restricted remains to be
investigated.
MORNINGNESS–EVENINGNESS PREFERENCE MODULATED CHANGES
IN SLEEP SCHEDULE FROMWORK TO FREE DAYS SIMILARLY IN BOTH
COUNTRIES
We replicated earlier findings that evening preference is associated
with later sleep timing (18, 22–25, 41). Evening preference is also
characterized by greater delays in bedtime, wake time, and mid-
sleep time, as well as more extended sleep on free days (22–25).
The association between ME preference and the length of sleep
extension on free days may be attributed to individual differences
in the timing and the period of the endogenous circadian rhythm.
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Specifically, eveningness preference has been linked to later circa-
dian rhythms [e.g., Ref. (21, 41–43)], which, in turn, are associated
with longer circadian period and greater sleep extension on free
days (12).
Importantly, we showed for the first time that ME preference
modulates changes in sleep schedules from work to free days sim-
ilarly in Singapore and the UK, suggesting that these findings
might be generalizable to other industrialized countries. Further-
more, across countries, evening-type individuals appear to restrict
their sleep on work days and delay their mid-sleep time on free
days to similar extents. Hence, evening-type individuals appear
prone to sleep curtailment and circadian misalignment. This could
adversely affect their cognitive performance and health in the long
term (35, 40, 44).
SLEEP SCHEDULES WERE RELATIVELY UNAFFECTED BY THE NATURAL
LIGHT–DARK CYCLE
Although light is a prominent zeitgeber (27), the natural light–dark
cycle did not significantly affect sleep schedules, perhaps because
of the pervasiveness of strong artificial light in the test countries.
The effects of the natural light–dark cycle on sleep duration and
timing were negligible compared to the contribution of social fac-
tors and ME preference. Contrary to earlier findings (28), greater
seasonal variation in the duration and timing of the natural light–
dark cycle in a country at high latitude did not result in more
variable sleep patterns throughout the year. In fact, we found lim-
ited seasonal change in sleep in the UK – a finding that has also
been observed in Norway (29). Furthermore, in the UK, changes
between daylight saving and standard times were not associated
with abrupt changes in sleep duration and timing, although others
have reported disruptive effects of daylight saving on sleep (31).
Discrepancies between our findings and others could be due
to the nature of our samples, which consisted mainly of students
who spend most of their time indoor and have more exposure
to electrical rather than natural light. While some have suggested
that it is the amount of time spent outdoor in broad daylight that
has significant impact on sleep timing (11), the effects of electrical
artificial light are not negligible (9, 10). In industrialized societies
where electrical lighting is abundant, exposure to sunlight dur-
ing daytime is reduced, light exposure after sunset is increased,
circadian timing is delayed, and endogenous circadian clock is
less synchronized with the natural light–dark cycle relative to an
environment with only natural light exposure (10). In addition,
compared with individuals residing in rural areas, urban dwellers
have less exposure to natural light and later sleep schedules (45).
Apart from its effects on sleep timing, electrical lighting may also
be a cause of insufficient sleep in industrialized societies (46).
The absence of a significant effect of the natural light–dark
cycle on sleep timing and duration suggests that the significant
country effects on sleep in our two young adults samples cannot
be attributed to differences in the natural light–dark cycle between
Singapore and the UK. In addition, together with the prominent
influence of social factors on sleep schedules, these findings are
consistent with the epidemiological evidence that natural light has
a smaller influence on the circadian clock in individuals residing in
larger cities where social influences and the behavioral light–dark
cycle may have stronger impact (47).
LIMITATIONS
The data presented here were obtained with convenience sam-
pling during the screening phase of different sleep protocols in
Singapore and the UK. Recruitment and screening methodolo-
gies were not identical for the two samples. Firstly, sleep studies
were advertised primarily on campus in Singapore as opposed to
the additional use of newspaper and radio in the UK. This could
account for the younger mean age of the Singapore sample, which
included mainly undergraduates and postgraduates. We addressed
these differences in demographics by including age as a covari-
ate in all the analyses testing the country contrast. Furthermore,
restricting our analyses to a narrower age range (i.e., 18–25) and
individuals who were in full-time education (n= 1737 in Singa-
pore; n= 100 in the UK) yielded similar findings for all the main
and interaction effects of country, type of day, ME preference,
and natural light–dark cycle variables (Table S5 in Supplementary
Materials). These two more homogenous samples allowed us to
address a second methodological difference – the assessment of
sleep schedules on weekdays and weekends in Singapore vs. on
work and free days in the UK. The results from the full and the
homogenized samples were similar, indicating that for most young
adults, sleep on weekdays is similar to sleep on work days, and so
is sleep on weekends and free days. Thirdly, participants filled in
the questionnaires online outside the sleep laboratory in Singa-
pore but in the presence of an experimenter in the UK. However,
in both countries, participants were not aware of the selection cri-
teria regarding their sleep schedules and ME preference for the
advertised sleep studies. Therefore, greater demand characteristics
due to the presence of an experimenter in the UK were unlikely.
Like many large-scale epidemiological studies, sleep timing,and
duration were assessed by questionnaires here. However, subjec-
tive reports over-estimate actual sleep duration [e.g., Ref. (48)].
Future studies would do well to determine whether our findings are
replicated with actigraphically and polysomnographically assessed
sleep.
While people in Singapore and the UK slept longer on free days,
our data did not allow us to assess the effectiveness of this practice
in reducing and clearing the sleep debt accumulated over work
days. However, after multiple nights of partial sleep deprivation,
when participants were given longer sleep opportunities, cogni-
tive performance improved, and daytime sleep latency increased,
indicating a reduction in sleep pressure (49). The amount of sleep
required on free days to completely clear sleep debt and its asso-
ciation with the extent of sleep loss on work days remain to be
determined.
In conclusion, sleep duration and timing varied between two
urbanized Asian and Western countries. Our data suggest that dif-
ferences in sleep schedules across urbanized societies are better
explained by the variability in social demands rather than differ-
ences in daylight duration and timing. Moreover, in industrialized
societies, sleep duration and timing are more influenced by social
zeitgebers, which include exposure to artificial light, than natural
light.
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